Changes in source-sink interaction by defoliation and darkening of source and sink were studied.
Introduction
In consideration of the productivity of the plant, (Hori and Shishido, 1977) . Furthermore, in our previous reports (Shisido and Hori, 1977, 1991 ; Shishido et al., 1988) , the sourcesink relation was changed by the magnitude of the connection of the vascular system as affected by the phyllotaxis. Also, the source leaf contributed to the growth of various sinks to various degrees in the tomato (Shishido et al., 1991) . The mechanism and role of the source-sink interaction to the translocation and distribution of photosynthates are not clear. To elucidate these phenomena, there are many reports of the changing source-sink balance. One is the removal of source leaf and sink or modifications of the source and sink by surgical treatment (Borchers-Zampini et al., 1980 ; Hartt, 1964 ; Thaine et al., 1959 ; Thrower, 1962 (Fondy and Geiger, 1980) . Furthermore, the complication arose by the source leaf position related to phyllotactic sequence (Biddulph and Cory, 1965 ; Link and Swanson, 1960 ; Mullins, 1970) . Therefore, in this report, we tried to confirm the changes of source and sink interaction under various conditions and to consider the possible mechanism controlling the source-sink relationship using a young tomato plant. The tomato has a peculiar source-sink relationship which is based on the phyllotactic sequence (Shishido and Hori, 1977) and affords a convenient experimental model to study the source-sink interaction.
Materials and Methods
Tomato var. Fukuju No. 2 was grown in soil in a greenhouse. Plants at the 8-leaf stage were used for the treatments.
At this stage the size of the youngest 8th leaf was approximately 5 cm long, and had high growth activity.
Experiment 1. Effect of sink leaf removal
The plants were divided into two groups : in one group the 7th leaf was removed ; in the other the 8th leaf was removed just before the 14CO2 feeding. In both groups, the 3rd and the 4th leaf was exposed, separately, to 740 KBq of 14CO2, at 16:30 for 30 min under natural daylight. Three plants per treatment were harvested at 9:00 in the next morning and immediately separated into the apex, leaves, stem and roots. The part were dried, weighed and pulverized for analysis according to Shishido and Hori (1977) . In Exp. 2A, the cotyledons and the fully expanded source leaves 1 to 6 were darkened except the 3rd or 4th leaf which was exposed to 14CO2 (Fig. 1A) ; leaves No.7 and No.8 and the apex were left and exposed to serve as sinks. The leaves Fig. 1 Schematic presentation of the removal and darkening of source leaves and sinks. Blackened leaf was fed with 14CO2. A : Source leaves (1st, 2nd, 3rd, 5th and 6th leaf) were darkened with aluminum foil. B : Source leaves were removed. C : Source leaves and sinks (7th and 8th leaf and the apex) were darkened with aluminum foil. D : Source leaves were removed and sinks were darkened with aluminum foil. When the 3rd leaf was fed with 14CO 2, the source leaves (1st, 2nd, 4th. 5th and 6th) were removed or darkened. The RSS value is derived from the ratio of specific activity between each part and the whole plant. The RSS value of 100 is an average of specific activity as a whole. Therefore, when the RSS value is less than 100, the plant part is not functioning as a sink for the 14C fed leaf. Evidently the removal of 8th leaf increased RSS values of the 7th leaf and the apex when 14CO2 was fed to the 3rd leaf. However, it caused no significant changes in these values when 14CO2 was fed to the 4th leaf (Table   2 ). On the contrary, a considerable increase was found in the percentage of distribution to the upper parts, especially to the 7th leaf when the 3rd leaf was fed with 14CO2. A similar trend was found in the percentage of distribution to the 8th leaf when the 4th leaf was fed with 14CO2.
Moreover, the percentages of export and distribution to lower parts decreased more in the treatment of suppression of photosynthesis by the sink darkening. In this treatment the 4th leaf increased the export of the assimilates to the 8th leaf which did not act as a strong sink before the treatment (Table 3) .
The comparison of RSS between the intact plant and the defoliated plant is somewhat difficult to explain because the weight of leaves removed amounted to about 40% of total dry weight of the plant, the average specific activity and the percentages of distribution of dry weight of each sink changed significantly compared with the intact plant.
The RSS values of the sinks were changed by the darkening of the source leaves. The RSS values of the 7th leaf in the 3rd leaf feeding and that of the 8th leaf in the 4th leaf feeding were below 100 (average level) in the control plant ; it was increased to above 100 by darkening the source leaf. However, these values decreased with sink darkening. This decrease was also observed in the source removed plant (Table 4 ).
The treatments of source removal and source darkening caused a decrease of the percentage of export, especially with additional sink darkening, and also caused an increase of the percentage of distribution of 14C to the upper parts. Therefore, the increase of the amount of 14C accumulated in sinks was not always the same degree as the increase of distribution. (Table 5 ).
Discussion
We have already reported the existence of the peculiar source-sink relation in tomato, such as the 3rd leaf as source and the 8th leaf as sink as well as the 4th leaf as source and 7th leaf as sink (Shishido and Hori, 1977 ; Shishido et al., 1988) . The phyllotaxis and the vascular connection originating from the phyllotaxis play an important role for such source-sink relationships.
In the present study, the 7th and 8th leaf were young and rapidly expanding and they served as the main sinks for the 4th and 3rd leaf, respectively. In this condition, when the sink having a strong relation to the source leaf was removed, the source leaf created a new source-sink relation with remaining sinks, while maintaining the percentage of the 14C export by the source leaf and significantly increasing the percent distribution to the young leaf and the apex (Table 1 ). The percent distribution of 14C to the remaining sink leaf which is weakly connected by vascular bundles to the fed leaf was increased by the removal of sink leaves to more than twice that of the same sink leaf in the intact plant. On the contrary, when the sink having a weak relation to the source leaf was removed, there was little or no change in the source-sink relation.
When a strong sink was removed, the source leaf did not decrease the rate of export but changed the distribution pattern to another young growing sink. Ho et al. (1983-) demonstrated, however, the decrease in the rate of export of photosynthates by the removal of the sink in the simplified experimental system of one leaf and one fruit truss in tomato plants. The difference between their and our experiment is the number of sinks and the strength of sinks remaining. Therefore, the change in the rate of export by sink removal probably depends on the sink strength of remaining ones for the photosynthates. These data indicate that when a main sink, such as growing fruit is removed, the source leaf increases the amount of assimilates to remaining young growing sinks which did not previously have a close relation to the source leaf prior to sink removal.
A sink is supplied with photosynthates from several source leaves, so that the source-sink relations among them is independent (Tables 1 and 3 , Shishido and Hori, 1977 ; Shishido et al., 1991) . In these situations, when the production of photosynthates is decreased by removing or darkening most source leaves, the photosynthetic rate of the remaining source leaf and the translocation rate, as well as the distribution pattern, are usually changed (Fondy and Geiger, 1980 ; Thaine et al., 1959; Thorne and Koller, 1974; Thrower, 1962) .
In fact, the remaining source leaf increased the distribution of the assimilates, particularly to the upper parts, probably to compensate for the decrease of supply of the photosynthates by the removal and darkening of the source leaves (Table   3) . Simultaneously, the remaining source leaf decreased the rate of export of photosynthates probably to keep its own assimilate level to maintain its activity. In our preliminary experiment, the photosynthetic rate of the remaining source leaf increased by nearly 10% in one day after removing most source leaves. However, the amount of increased photosynthates is insufficient to compensate for the decrease in the total assimilates resulting from defoliation. Furthermore, the decrease of the percentage of distribution to the roots was observed by both source removal and darkening ; it was significantly larger under the source removal than the source darkening.
It seems that the sink darkening caused an increase of sugar gradient between the source and sink, which resulted in the increase in the percent distribution of photosynthates to the sink, with a simultaneous decrease in the amount of the export outside the source leaf. This is similar to the results of Thaine et al. (1959) . Therefore, the rela- The response to the decline of the function of a source organ is reflected by the changes in distribution pattern, that is, the response to the changes of the source condition. The distribution of photosynthates to a young leaf having a weak connection to a source leaf, before the source leaf treatments, increased at the expense of the roots to ensure the growth of the young leaves which will be the source in the future. Moreover, the source removal affected the distribution pattern more than the source darkening did. A young, growing leaf should have a priority to receive the photosynthates compared to the roots.
Our data show that both the changes in the source-sink relation resulted by removing sink and source organs. This strategy is essential for plants to survive or maintain itself after such drastic treatments. 
